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WGS Process

The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an

organism in one process. WGS provides a very precisa DNA fingerprint that can help

Iink cases 1o one another allowing an outbreak 1o be detacted and solved sooner
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ABSTRACT

A total of 30 Legionella pneumophila serogroup 1 isolates representing 10 separate legionellosis laboratory investigations (“out-
breaks”) that occurred in New York State between 2004 and 2012 were selected for evaluation of whole-genome sequencing
(WGS) approaches for molecular subtyping of this organism. Clinical and environmental isolates were available for each out-
break and were initially examined by pulsed-field gel electrophoresis (PFGE). Sequence-based typing alleles were extracted from
WGS data yielding complete sequence types (ST) for isolates representing 8 out of the 10 outbreaks evaluated in this study. Iso-
lates from separate outbreaks sharing the same ST also contained the fewest differences in core genome single nucleotide poly-
morphisms (SNPs) and the greatest proportion of identical allele sequences in a whole-genome multilocus sequence typing
{wgMLST) scheme. Both core SNP and wgMLST analyses distinguished isolates from separate outbreaks, including those from
two outbreaks sharing indistinguishable PFGE profiles. Isolates from a hospital-associated outbreak spanning multiple years
shared indistinguishable PFGE profiles but displayed differences in their genome sequences, suggesting the presence of multiple
environmental sources. Finally, the rix gene demonstrated differences in the repeat region sequence among ST1 isolates from
different outbreaks, suggesting that variation in this gene may be useful for targeted molecular subtyping approaches for L.
pneumophila. This study demonstrates the utility of various genome sequence analysis approaches for L. pneumophila for envi-
ronmental source attribution studies while furthering the understanding of Legionella ecology.

IMPORTANCE

We demonstrate that whole-genome sequencing helps to improve resolution of Legionella pneumophila isolated during labora-
tory investigations of legionellosis compared to traditional subtyping methods. These data can be important in confirming the
environmental sources of legionellosis outbreaks. Moreover, we evaluated various methods to analyze genome sequence data to
help resolve outbreak-related isolates.

Legionnaires’ Disease Outbreak
Caused by Endemic Strain of
Legionella pneumophila,
New York, New York, USA, 2015
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During the summer of 2015, New York, New York, USA, had
one of the largest and deadliest outbreaks of Legionnaires’
disease in the history of the United States. A total of 138
cases and 16 deaths were linked to a single cooling tower
in the South Bronx. Analysis of environmental samples and
clinical isolates showed that sporadic cases of legionellosis
before, during, and after the outbreak could be traced to a
slowly evolving, single-ancestor strain. Detection of an os-
tensibly virulent Legionella strain endemic to the Bronx com-
munity suggests potential risk for future cases of legionello-
sis in the area. The genetic homogeneity of the Legionella
population in this area might complicate investigations and
interpretations of future outbreaks of Legionnaires’ disease.

LD was inifially detected in 1976, when an outbreak
of illness occurred during a meeting of the American Le-
gion in Philadelphia, Pennsylvania, USA; 221 cases were
identified, and 34 infected persons died (6). The outbreak,
which remains the largest community-associated outbreak
of LD in United States, was later linked to the cooling
system of the hosting hotel, and a bacterium classified as
L. pneumophila serogroup 1 was subsequently isolated
from 4 persons (7,5).

In the summer of 2015, a large community-associat-
ed LD outbreak affected persons who resided or traveled
through a large area in the South Bronx region of New
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Reference Free WGS Analysis & PFGE

f PNUSAEO08511 @ ®
PNUSAE008409 ae
PNUSAE(008233 @ ®
PNUSAEO(O8234 @ ®
PNUSAEO008229 @ @

1 -PNUSAEO08400 @ ®
PNUSAEOO8583 @ ®
PNUSAE008406 @@
PNUSAEO08410 @®

100

(o]

86

86

0.00016 Substitutions / Site

-PNUSAE008231 ae
-PNUSAEO08581 @@
-~ PNUSAE008232 @@
—PNUSAEO08401 @@
PNUSAE008731 a0

PNUSAE008408 ae

PNUSAE008512 ae

PNUSAE008407 ae
E. coli O157:H7 str. Sakai

Outbreak Clade

No know Hildale, UT association

No know Hildale, UT association

PFGE-Xbal  PFGE-Xbal

Maximum Likelihood Tree of
4,467 Concatinated Protein Coding Genes

PFGE First Enzyme Pattern:
@ utexHxo1.678
@ utexHxo01.261

| UTEXHX01.676

PFGE Second Enzyme Pattern:
) UTEXHA26.317

8 uTEXHA26.323
) UTEXHA26.028

() UTEXHX01.681 ) UTEXHA26.149

Isolates in blue are from environmental sources
Isolates in black are from clinical sources
Isolates in red are reference sequences

PFGE-BInl

1189712
‘ 1189767
| 1189768
1189998
1190273
1190275
1191870
1191871
1192323
1193977
1193983
1196102
1187785
1192132
1192324
1193822
1195364
1197340

UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.678
UTEXHX01.676
UTEXHX01.679
UTEXHX01.261
UTEXHX01.261
UTEXHX01.681
UTEXHX01.682

UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.323
UTEXHA26.317
UTEXHA26.028
UTEXHA26.149
UTEXHA26.028




Reference Free WGS Analysis
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Reference Free WGS Analysis
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WGS & Metagenomics
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